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(g) Hlgh-gain, waveguide-fed antenna having controllable higher order mode phasing. 

67) A diverging shell antenna fed by waveguide 
® supplying TE,, mode is described. A ci.elecfr.c 
rod (46) partially contained withm the 
waveguide (36) converte the IE, 1 mode to a 
dominant or HE,, mode. The HE,i im^de is 
controllably converted to second and third or- 
der modes in the diverging shell (30) by discon- 
tinuities (54) placed in predetenmined locations 
in the diverging shell. The discontinuities 
(50,52) generating the second mode are incor- 
porated into the dielectric rod structure (46) 
Turning of the relative amplitude and phase of 
the second and third order modes relative to the 
HE11 mode is achieved by slideably positioning 
the dielectric rod (46). An alternative embodi- 
ment of the inventive device includes a reactive 
surface of the diverging shell. 
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Technical Field 

This invention relates to waveguide fed diverging 
shell antennas, and more particularly, to antennas 
ennploying positionable dielectric rods containing dis- 
continuities to generate higher order modes and con- 
trol phase relationships between the modes. 

Background of the Invention 

Diverging shell antennas often employ wave- 
guides to supply input signals. In such configurations, 
a dominant mode, such as a TE^ mode in a circular 
waveguide, is used as the input signal. Such modes 
are generated in the waveguide from an external 
source in a manner known in the art. 

In the absence of any other elements the TEn 
mode propagates from the waveguide through the di- 
verging shell to the distal end of the diverging shell. 
The signal then exits through the antenna aperture 
and travels to the far field. Desired antenna perfor- 
mance characteristics such as gain, sidelobe levels, 
bandwidth, and E-plane and H-plane field strength 
distributions are often not achievable using this con- 
figuration. It is known that the performance or char- 
acteristics of an antenna can be adjusted by control- 
ling a combination of modes at the distal end of the 
diverging shell. For example a high gain relatively nar- 
row beam antenna pattern can be achieved by com- 
bining HEit with TEi2 and TM12 modes. 

It is therefore desirable to convert the dominant 
TE11 mode supplied to the waveguide to a controlled 
combination of HE^^ and higher modes at the output 
aperture. 

There are a number of methods of converting the 
dominant TEti mode supplied in the waveguide to a 
controlled set of modes in an output aperture. Where 
th dominant mode is a TE^^ mode in a circular wa- 
V guide, conversion of the TE^ mode into an HEn 
mode within the waveguide is often employed as a 
first step. 

This conversion can be achieved by a number of 
techniques such as using one of many forms of "re- 
active" surfece for the outer wall of the circular wave- 
guide. Typical "reactive surfaces used for this pur- 
pose are metal corrugations, dielectric coated wire 
adjacent to an outer conducting surface, or a thin di- 
electric sleeve with an outer conducting surface. An- 
other technique is the use of a dielectric rod posi- 
tioned to be axially symmetrical with the waveguide. 
Where the cross-sectional geometry is chosen ap- 
propriately and a sufficient length is chosen, a con- 
version of the dominant TEn mode to the dominant 
HE11 mode will occur, as Is known in the art. In this 
manner, the dominant HE^ hybrid mode is produced 
within the circular waveguide and feeds the diverging 
shell. 

Where waveguide-fed diverging shells use an 



HE11 mode as the input to the diverging shell, various 
techniques are employed to achieve a combination of 
known higher-order modes at the output aperture. For 
example, one prior art device utilizes a diverging shell 

5 having a multi-sectional construction. The shell di- 
verges at an initial half-flare angle for a distance and 
then the half-flare angle approaches 0 degrees, form- 
ing a discontinuity in the wall of the diverging shell. Di- 
vergence resumes at a point further along the wall 

10 forming a second decontinuity. The flare angles and 
separation between discontinuities, or flare angle 
changes, are chosen to establish the desired relative 
phase and amplitude of the various modes such as to 
produce the desired radiation pattern characteristics. 

15 Because the shell wall discontinuities are fixedly in- 
corporated in the diverging shell, tuning of the anten- 
na by relocating the discontinuities is not achievable 
without completely restructuring the diverging shell. 
In the prior art, the generation and relative phase 

20 relationships of the higher-order modes are deter- 
mined by fixed elements or by elements not readily 
changeable. No adjustment of the relative modes for 
a given antenna configuration is contemplated. Fur- 
ther, none of the above utilizes a simply positioned, 

25 slideable element that can be slideably altered and 
adjusted to generate and control the phases of the va- 
rious modes to achieve the desired antenna perfor- 
mance characteristics. As a result the performance or 
characteristics of an antenna cannot be adjusted after 

30 manufacture to optimize the antenna for the particu- 
lar use nor can an antenna design be simply changed 
at low cost and experimentally verified for some new 
purpose prior to manufacture. 

35 Summary of the Invention 

The inventive device comprises an antenna ad- 
dressing the problems of the prior art by converting 
the dominant TE^ mode in a circular waveguide to the 

40 dominant HEn hybrid mode within the waveguide 
through the use of a tapered dielectric rod and input- 
ting the HE11 mode to a diverging shell antenna. The 
device then controllably converts the HE^i mode to 
higher order modes with predetermined phase rela- 

45 tionshlps to the HEn mode. Conversion to these high- 
er order modes Is caused by discontinuities incorpo- 
rated in the dielectric rod and positioned within a re- 
gion of the diverging shall that is of sufficient diameter 
to support only the first and second order modes. Be- 

50 cause the discontinuities are positioned in a region of 
the diverging shell where modes higher than the sec- 
ond order cannot propagate, energy converted from 
the HE11 mode is converted primarily to the HE12. 
TE12 and TM12 modes. The phase relationships be- 

55 tween these modes at the output aperture can be 
optimized by adjusting the axial position of the dielec- 
tric rod. 

Where desirable to enhance antenna perfor- 
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mance a third order set of modes in the inventive de- 
vice is generated by a third order mode generator 
positioned with the diverging shell. The third order 
mode generator comprises a discontinuity located 
within the diverging shell in a region of sufficient di- 
ameter to support third order modes, but insufficient 
to support fourth order modes. This discontinuity con- 
verts some of the energy in the dominant HEi i modes 
to TEi3 and TM13 modes. In the prefenred embodi- 
ment, the third order mode generator is an annular 
ring. The axial position of the dielectric ring can be se- 
lected to achieve the desired phase of the TE13 and 
TM13 modes at the output aperture. 

In an alternate embodiment of the device a "reac- 
tive" surface is incorporated in an initial section of the 
diverging shell causing the TE12 and TM12 modes to 
propagate at the same phase velocity, thus forming 
an HE12 mode structure which is maintained within 
that region of the shell. The "reactive" surface need 
not extend much beyond the regions of higher order 
mode forming discontinuities because as the shell di- 
ameter increases the propagation velocities of the 
TE12 and TM12 as well as the TE13 and TM13 modes 
approach free space velocity and act nearly as HE12 
and HEi3 hybrid modes even though a "reactive" sur- 
face is not present. 

In the preferred embodiment of the device a di- 
electric lens is placed at the output aperture to con- 
vert the approximately spherical wave front generat- 
ed by the dielectric rod and diverging shell into an ap- 
proximately planar wave front. To limit diffraction ef- 
fects (minimize far out sidelobes) from the aperture 
a lossy material preferably surrounds the edge of the 
aperture, thereby reducing diffraction currents. 

Brief Description of the Drawings 

Figure 1 is an axial cross-sectional view of the 
preferred embodiment of the inventive antenna. 

Figure 2 is a detailed cross-sectional view of a 
portion of the antenna of Figure 1. 

Figure 3 is an axial cross-sectional view of an al- 
ternate embodiment of the inventive antenna. 

Figure 4 Is a detailed cross-sectional view of an 
alternative embodiment of the antenna illustrating a 
typical "reactive" surface. 

Figure 5 is a graph showing the relative phase re- 
lations of the modal components in the preferred em- 
bodiment of Figure 1. 

Figures 6a ~ 6e are graphs illustrating the effect 
of adjusting relative phase of the modes. 

Detailed Description of the Invention 



As shown in Figure 1, the preferred embodiment 
of the inventive antenna comprises a diverging shell 
30 having a conducting inner surface 32 and a half- 
flare angle a. The diverging shell 30 is of circular 



cross-section, fonming a tapered cone filled with a di- 
electric material 37. The diverging shell 30 is fed by 
a circular waveguide 36 through a port 31. It is pre- 
ferred that the cross-section of the waveguide 36 be 
5 of the same geometric shape as the diverging shell 
30. However, other waveguide and or diverging shell 
shapes such as those with rectangular or elliptical 
cross-sections may be employed. 

Figure 2 shows the intersection of the waveguide 
10 36 and the diverging shell 30 in greater detail. A di- 
electric rod 38 is positioned within the waveguide 36 
with a radially enlarged portion 40 of the dielectric rod 
30 in radial engagement with the wall of the wave- 
guide 36. A tapered input section 39 is formed at one 
15 end of the dielectric rod 38. The shape of the prefer- 
red embodiment is conical to improve Impedance 
matching; however, other shapes may be utilized, 
such as a flat or a differently tapered input tapered 
section. 

20 The end of the rod 38 opposite the input section 
39 Is tapered inwardly at 44. The dielectric rod 38 has 
formed therein an axial bore which slideably receives 
a reduced diameter section 45 of a dielectric rod 46. 
The rod 46 tapers outwardly from the reduced diam- 
25 eter section 45 to an enlarged diameter section 48 
that extends longitudinally from the taper 44 into the 
diverging shell 30. The end of the enlarged diameter 
section 48 tapers inwardly at 50 to form a first discon- 
tinuity 50. A second discontinuity 52 is formed at the 
30 distal end of the dielectric rod 46 by the convergence 
of the taper. It is understood that the tapered shape 
of the rod 46 with its two discontinuities 50, 52 is for 
the purpose of illustration and not for limitation. Other 
shapes, such as a step or and inverted taper, could be 
35 substituted for the discontinuities 50. 52 formed by 
the taper. Other shapes for the discontinuities 50. 52 
could also be utilized. For example a flat end (which 
is not preferred due to reflections) or a rounded end 
or a channeled end could be used to provide a proper 
40 termination of the dielectric rod 46. depending on the 
antenna characteristics desired. The axial position of 
the dielectric rod 46 within the dielectric rod 38 may 
be adjusted to achieve an optimum or desired perfor- 
mance. However, it will be understood that the dielec- 
45 trie rod 46 may be integrally formed with the dielectric 
rod 38 in which case the dielectric rod 38 and the di- 
electric rod 46 are not axially movable with respect to 
each other. 

Referring again to Figure 1, a third order mode 
50 generator may be positioned in the diverging shell 30 
with its location determined as described below to en- 
hance antenna gain for some applications. It is under- 
stood that the use of such a mode generator is option- 
al and is not for limitation. Past the third order mode 
55 generator 54. the diverging shell continues to expand 
along the half-flare angle a. Alens 56 of dielectric ma- 
terial is positioned at the output aperture 58. Adif frac- 
tion current suppression ring of a lossy material pre- 
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ferably circumferentially surrounds the output aper- 
ture 58. 

A TMi2 mode phase shifter 14 (see. also. Figure 
2) consisting of a dielectric washer with a tapered 
cross section to form an anisotropic dielectric section s 
preferential to the TM,2 mode may be concentrically 
suspended with the respect to the antenna centerline 
near but distal from the discontinuity 52. When used 
the phase shifter extends the range of relative phase 
control provided by positioning the dielectric rod 46 io 
The length of the phase shifter 14 is chosen to pro- 
vide an approximate value consistent for a particular 
set of antenna performance requirements. It is under- 
stood the use of such a phase shifter 14 is optional 
and not for limitation. 

An alternate embodiment of the inventive device " 
IS shown in Figure 3. The embodiment of Figure 3 is 
Identical to the embodiment of Figure 1 except that 
the embodiment of Figure 3 employs a "reactive" sur- 
face 62 in the initial region 64 of the diverging shell 20 
30a and extends somewhat beyond the last mode 
generator employed. As explained below the "reac 
tive" surface causes the TE,^ and TM,^ to propagate 
through the dielectric material 37 at the same veloci- 
ty, thus forming the HE„ mode. In a similar manner 25 
the TE,3 and TM.g modes fonm the HE13 mode. Hence 
theembodiment of Figure Sresults in improved band- 
width relative to the embodiment of Figure 1 since 
fewer modes need be aligned to achieve the desired 
antenna performance. Figure 4 illustrates one of 30 
many preferred embodiments of the "reactive" sur- 
face for the embodiment of Figure 3. 

The operation and design considerations of the 
inventive device will now be described with iBfeiBnce 

erated within the waveguide 36 in a manner known to 
the art The TE„ mode propagates down the wave- 
guide 36 to the tapered input section 39 where it en- 
ters the dielectric rod 38. The TE„ mode passes 
through the tapered inputsection 39 and the large di- 40 
ameter40 until it reaches the taper 44. at which point 
the TE„ mode begins to transform to the HE,, hybrid 
mode and continues into the smaller dielectric rod 46 
In the small diameter dielectric rod 46 the bound- 
ary conditions require that both E and H field compo- 45 
nents exist in the direction of propagation. This forces 
a gradual conversion of the TE„ mode to the HE,, 
mode as the wave propagates along the rod 46 The 
small diameter dielectric rod 46 is chosen to be of suf- 
ficient length such the TE„ mode is converted sub- 50 
stantially to the HE,, mode. The minimum length for 
this transition is typically 4 to 6 wavelength. However 
the exact length of the dielectric rod 46 is not criUcal 
to the overall operation. This method of producing 
HE,, modes is well known in the art. 55 

As mentioned above, the tapered section 44 aids 
m the conversion of the HE,, mode due to its impe- 
dance transforming properties, but the conversion 



would occur in the absence of the taper {e.g., a step) 
If the small diameter dielectric rod 46 were sufficient- 
ly long. Other methods of impedance transformation 
rnay be used as well without limitation to the scope of 
the invention. 

In order to suppress the generation of unwanted 
h^her order modes during the conversion from the 
TEi, to the HE,, mode, the dielectric rod 46 must 
have a sufficiently small diameter B. The diameter is 
chosen in accordance with the known formula: 
B_ ^ 2.405 
Xo 



.'8-1 

where Xo is the free space wavelength and s is the di- 
electric constant of the rod. 

The HE,, mode travels though the waveguide 36 
mto an initial region 66 of the diverging shell 30 
There, the wave encounters the first discontinuity 50 
where a portion of the energy is converted to an HE,, 
mode. The wave then encounters the second discon- 
tinuity 52. where a further portion of its energy is con- 
verted to the HE,2 mode. To limit conversion of the 
HE, , mode to only the HE,^ mode, the discontinuities 
50, 52 are positioned such that the diameter of the di- 
verging shell is sufficient to support the HE,2 but is 
less than the cutoff diameter for the third and higher 
order modes. Thus conversion to the HE,3 mode will 
be suppressed. In the preferred embodiment, the dis- 
continuity 50 and the second discontinuity 52 are 
separated by approximately one-half wavelength 
such that HE,2 modes generated at each of the dis- 
continuities 50. 52 combine additively. 

In the preferred embodiment the enlarged diam- 
eter section 40 of the dielectric rod 46 has a linear ta- 
per forming a point fomiing the second discontinuity 
52 at an end opposite the reduced diameter section 
45. Other end shapes may be chosen which would al- 
ter the relative magnitude and phase of the HE,, and 
HE,2 modes to produce other desired antenna char- 
acteristk:s for specific applications. 

After the wave passes the second discontinuity 
52. It passes into an intermediate region 64 to which 
the dielectric rod does not extend. In the immediate 
region 64. then the boundary conditions imposed by 
the dielectric rod 38 no longer exist. The hybrid 
modes will therefore degenerate into their TE and TM 
components which propagate at different phase ve- 
locities. Since at the point of the discontinuity 52 the 
d werging shell diameter is large compared to the cut- 
off diameter for the HE,, mode, the TE„ and TM11 
components of the HE,, mode will both propagate at 
near free space velocity, hence the resulting field 
shape for these modes will approximat that of the 
HE,, mode at th output apertur . In contrast the di- 
ameter of the div rging shell is much clos r to the cut- 
off diameter for the TE,2 and TM,2 modes and hence 
will propagate at quit different vetocities for distenc 
es near the discontinuity 52 resulting in significant 
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phase differences between the TE12 and TM12 modes 
when reaching the output antenna aperture 58. This 
phase difference is altered as desired by reposition- 
ing the discontinuity 52 by adjusting the longitudinal 
position of the dielectric rod 46. 

For designs where greater magnitude of phase 
shift is desired between the TE12. TM12, and the pseu- 
do HE11 mode, a TM12 phase shifter 14 is installed 
within the diverging shell 30 just beyond the dielectric 
rod discontinuity 52. The TM12 phase shifter consists 
of a hollow cone shaped dielectric suspended within 
the diverging shell just on the aperture side of the dis- 
continuity 52. This shape of dielectric acts as an ani- 
sotropic dielectric which provides differential phase 
shift to the TM12 mode relative to the other modes. 
The amount of phase shift provided is proportional to 
the length of the hollow dielectric cone. It is under- 
stood the use of the phase shifter 14 is optional for 
providing greater flexibility but the invention is not 
limited to its use. 

In the alternate embodiment of Figure 3 the "re- 
active" surface placed in the initial portion of the di- 
verging shell 30a and extending a small distance be- 
yond the last discontinuity employed, either 52 or 54, 
provides the necessary boundary conditions to main- 
tain all modes as hybrid modes. Since in this embodi- 
ment only one-half the number of modes need to be 
phase controlled, the bandwidth is increased with 
some increase in complexity. 

One preferred configuration of the "reactive" sur- 
face consists radial corrugations along the conduct- 
ing wall of the diverging shell 30a as shown in Figure 
4. In this preferred embodiment of the corrugated 
wall, the corrugations 72 are approximately ^71 0 wide 
and have a depth D7 of X/4 except the first conruga- 
tion 74 which as a depth D8 of X/2 and a few transi- 
tional corrugations 76, 78, 80, 81 having depths D8, 
D9, D10, D11 respectively, progressing from 7J2 to 
XJA The transition corrugations 76, 78, 80, 81 present 
varying reactances to an input wave as it moves ax- 
ially through the diverging shell 30a. The depth of the 
transitional corrugations 76, 78, 80, 81 are chosen 
such that reactance presented by them compensates 
for any reactive mismatch between the input wave- 
guide 36 and the diverging shell 30a. The diverging 
shell thus presents a matched load to the signal from 
the input waveguide 36 through the diverging shell 
30a, thereby improving efficiency and minimizing 
cross polarization. 

Other forms of "reactive" walls will be obvious to 
those skilled in the art. One example consists of cir- 
cumferential corrugations shown in concept in Figure 
3. Another example of such "reactive" wall includes a 
dielectric-coated helically-wrapped wire adjacent to 
the outer wall of the diverging shell 30a. Still another 
example comprises a slim conical sleeve of dielectric 
material directly adjacent to the smooth conducting 
inner surface 32 of the diverging shell 30a. 



In either the prefenred or the alternative embodi- 
ment, as the wave leaves the initial region 64, 64a, it 
enters into the larger region 68, 68a. in the larger re- 
gton 68, 68a, the diameter of the diverging shell 30, 

5 30a is sufficiently large that the TE and TM compo- 
nents propagate with approximately the same veloc- 
ity. This allows the HE mode structure to remain es- 
sentially intact. 

The HE11 and HE12 modes encounter an optional 

10 third order mode generator within the diverging shell 
30, 30a. Preferably, the third order mode generator 54 
within the diverging shell 30, 30a is a dielectric ring 
or 'V/asher" with an internal diameter D5 and a thick- 
ness t. The third order mode generator is located in 

15 the diverging shell 30, 30a where the shell diameter 
D6 is large enough to propagate the HE13 mode (al- 
ternate embodiment) or the TE13 and TM13 modes 
(preferred embodiment), but insufficient to permit 
propagation of the fourth and higher order modes. 

20 The third order mode generator functions by pre- 
senting A discontinuity to the wave comprised of the 
HE11 and HE12 modes, thus converting a portton of 
the HE11 mode to the third order mode. The amount 
of energy converted to the third order mode is control- 

25 led primarily by the aperture diameter of the washer 
D5. The thickness t is given by: 

where t is the thickness, Xo is the free space wave- 

30 length and e is the dielectric constant of the material 
of the third order mode generator 54. The relative 
phase of the third order modes are determined by the 
axial location of the mode generator within the diverg- 
ing shell 30, 30a. It is understood that the use of the 

35 third order mode generator is optional consistent with 
specifically desired antenna perfomnance character- 
istics and not as a limitation the inventive device. 

In the preferred embodiment, the half-flare angle 
a is chosen to be approximately 30 degrees, although 

40 angles varying substantially from 30 degrees may be 
designed depending on the antenna application. In 
the preferred embodiment the half-flare angle a is 
chosen such as to permit a substantial range of ad- 
justment of the axial position of the dielectric rod 46 

45 and to minimize the length of the diverging shell for 
the desired diameter of the output aperture 58. 

The preferred embodiment of the device contem- 
plates the generation of only the first, second, and 
third order modes which have shown to provide ade- 

50 quate control over the output wave front electromag- 
netic characteristics. It is within the scope of the in- 
vention, however, to generate higher order modes to 
provkle further control over the output electromag- 
netic radiation characteristics. The generation and 

55 control of higher order modes will be obvious to one 
skilled in the art. 

For minimum cross-polarization and equal "E" 
and "H" plane beam widths the HE or pseudo HE 
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modes should be balanced. That is 

where Zo is the characteristic Impedance of free 
space and and are the longitudinal components 5 
of the hybrid modes. The balanced mode condition for 
the dielectric rod 46 requires the ratio of the small di- 
ameter B to the waveguide diameter A to be greater 
than 0.617. However, deviations from this condition 
results in only slight imbalance, with tolerable imbal- io 
ances achievable with ratios as small as 0.4. 

It is an advantage of the preferred embodiments 
of this device that the dielectric rod 46 is slideable 
within the waveguide 36. In operation this permits the 
location of the discontinuities 50, 52 to be adjusted 15 
relative to the output aperture by slideably adjusting 
the axial position of the rod 46, either by adjusting the 
axial position of the larger diameter dielectric rod 38 
or by adjusting the axial position of the smaller diam- 
eter dielectric rod 46 with respect to the larger diam- 20 
eter dielectric rod 38. Because the relative phase of 
the HE11 and higher order modes at the output of the 
aperture 58 are highly dependent upon the position of 
the discontinuities 50, 52 with respect to the output 
aperture 58, moving the dielectric rod 46 adjusts the 25 
r lative phase of the HEn mode and the higher order 
modes at the output aperture. Thus, adjustment of the 
position of the dielectric rod 46 allows tuning of the 
relative phases at the output aperture. 

As shown by Figure 5, the relative phase relation- 30 
ships of the TE12 and TM12 components with respect 
to the HE11 mode at the output are affected by the 
position of the of the dielectric rod discontinuities 50, 
52. It has been determined that a zero phase shift dif- 
ference may be achieved at the output aperture 58 as 3S 
indicated by the crossover point 83. This occurs for 
the preferred embodiment operating at 38 GHz when 
the discontinuities are approximately 1/2 inch from 
the output of the waveguide 36 as indicated at point 
84. ^ 

Figures 6a ~ 6e show the affect of axially posi- 
tioning the dielectric rod 46 upon radiation pattern 
characteristics for the preferred embodiment of Fig- 
ure 1. 



Claims 



45 



1 . A waveguide fed antenna comprising: 

a diverging conductive shell having a wa- so 
veguide port communicating with one end of the 
waveguide, an aperture at a location axially 
spaced from the waveguide port, and a diverging 
portion between the waveguide port and the 
aperture; 55 

a first dielectric material within the shell; 

a dielectric rod of a second dielectric ma- 



terial having cross-sectional dimensions suffi- 
ciently small to permit substantial development of 
only an HE^ mode from an input TE^ mode, the 
dielectric rod having sufficient length to produce 
substantial conversion of the TE^ mode to the 
HE11 mode within the waveguide, the dielectric 
rod having at least one discontinuity for generat- 
ing a higher order mode from the HEn mode 
propagating through the dielectric rod; and 

a support structure supporting the dielec- 
tric rod so that it extends from the waveguide to- 
ward the aperture along the axis of the shell, the 
dielectric rod being positioned so that the discon- 
tinuity generating the higher order mode is posi- 
tioned within the diverging portion of the shell at 
an axial location that results in a predetermined 
phase relationship between the HE^ mode and 
the higher order mode at the aperture of the di- 
verging shell. 

2. The apparatus of dalm 1 wherein the discontinu- 
ity is slideably positlonable to tune the phase re- 
lationship at the aperture. 

3. The apparatus of claim 1 wherein the waveguide 
is of circular cross section and the dielectric rod 
has a circular cross section within the waveguide 
having a diameter B wherein 

B ^ 2.405 

where Xq is the f reespace wavelength, and s is 
the dielectric constant of the second dielectric. 

4. The apparatus of claim 3 wherein a third order 
mode generator is located within the diverging 
shell. 

5. The apparatus of claim 4 wherein the third ortler 
mode generator Is an annular dielectric ring axial- 
ly located in the diverging shell at a location 
where the diverging shell has cross-sectional di- 
mensions insufficient to support fourth order 
modes. 

6. The apparatus of claim 1, further comprising a 
TM12 phase shifter. 

7- The apparatus of claim 1 wherein the diverging 
shell includes a reactive shell wall for maintaining 
hybrid modes in the conductive shell. 

8. The apparatus of claim 7 wherein th di lectric 
rod Is positlonable to tun th lectromagnetic 
charact ristics of the modes at th aperture. 

9. An ant nna comprising: 

a conductive shell having a waveguide 
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port and an aperture spaced apart from each 
other along an axis of the shell; 

a mode generator within the shell receiv- 
ing an input fundamental mode through the wa- 
veguide port, the mode generator generating a 5 
mode of an order higher than the input fundamen- 
tal mode in response to the fundamental mode; 
and 

tuning means to adjust the position of the 
mode generator so that the phase of the funda- io 
mental mode and the phase of the higher order 
mode have a predetermined relationship to each 
other at the aperture of the shell. 

10. The apparatus of claim 9 wherein the mode gen- is 
erator is a dielectric rod discontinuity. 



11. The apparatus of claim 10, further including a re- 
active surface formed on the conductive shell for 
maintaining hybrid modes In the conductive shell. 

12. The apparatus of claim 10, further comprising a 
TMi2 phase shifter. 

13. The apparatus of claim 10, further comprising a 
second mode generator in the diverging shell, the 
second mode generator generating a third mode 
of higher order than the fundamental mode and 
the higher order mode in response to the funda- 
mental mode. 



14. A method of generating an electromagnetic out- 
put signal having predetermined electromagnetic 
characteristics from a diverging shell comprising 
the steps of. 

inputting to the diverging shell a funda- 
mental mode; 

axially positioning a movable discontinuity 
in the diverging shell to generate a second order 
mode which combines with the fundamental 40 
mode to produce the output signal; 

measuring an electromagnetic character- 
istic of the electromagnetic output signal; and 

adjusting the axial position of the movable 
discontinuity to tune the electromagnetic charac- 45 
teristic. 

15. The method of claim 14, further comprising the 
step of controlling respective phases of TE and 

TM components of the second order mode within so 
the diverging such that the second order mode is 
preserved. 

16. The method of claim 14. further comprising the 
step of g nerating a third order mode within the ss 
diverging shell, the third order mode having a pre- 
determined phase relationship with respect to the 
fundamental nrwde. 
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